Abstract
Introduction

44
Quantifying variability in continental slope gradient or slump scar gradient as well as a description of 45 local and regional variability of seafloor morphology has only become possible since the late 1970's 46 when scientific swath mapping campaigns began, and has more frequently been undertaken since the 47 early 1990's, when a new generation of much more efficient swath mapping systems became available 48 (Bourillet et al., 1996) . Unlike onshore morphometry, which has been widely applied employing 2 gridded digital elevation data, marine morphometry is considered to be still in its infancy (e.g. Ramsay 
50
et al., 2006). However, although not frequently, high-resolution multibeam swath bathymetry has been 51 used for detailed and quantitative morphotectonic and morphometric analyses (e.g. Huchon and 52 Bourgois, 1990 Mitchell, 2005) and also revealed its high potential in aiding to assess the 54 hazard potential of a margin (e.g. McAdoo et al., 2004) . Morphometric dating of slumps using a 55 diffusion transport model has been suggested to be also applicable in submarine environments (e.g. 56 Mitchell, 1996) .
58
According to the mode of material transfer, convergent margins are divided into accretive and erosive 
73
The Peruvian convergent margin is a prominent example of a long-term erosive margin (e.g. Karig, 
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In this study we use new swath bathymetry data obtained during the German RV Sonne GEOPECO 83 cruise (Bialas and Kukowski, 2000) to analyse the morphology and deformation styles of the Nazca 84 plate approaching the trench and the continental slope along the Peruvian margin (Fig.1) . We add 85 SEAPERC swath data (Huchon and Bourgois, 1990 ) to our data-base to extend the multibeam 86 coverage along the margin. The analysis of the whole dataset includes a quantitative comparison 87 employing curvature attributes for two sub-regions. We also attempt to morphometrically date a newly 88 identified slump on the upper continental slope off Lima. By doing so, we are able to roughly estimate 89 the rates of landscape evolution at the Peruvian continental slope.
91
2 Geodynamic setting and structure of the Peruvian margin
93
Along the Peruvian margin (Fig.1) , the close to sediment-free oceanic Nazca Plate is subducting in 94 largely easterly direction (N78°E) beneath the South American continent at a present convergence rate 95 of ~68 mm/a (Norabuena et al., 1998 ) resulting in about 20° obliquity of convergence in recent times.
96
The age of the subducting plate increases from about 28 Ma north of 10°S to about 40 Ma south of 3 16°S (Fig.1) 
121
and Schreiber, 1991). Swath data were acquired to cover certain areas (Fig.1) as well as when doing 122 seismic profiling and transits.
124
The individual beams of a swath are often of different quality. Whereas beams close to the centre of a 125 swath hit the seafloor at a right angle and usually are of high quality, the beams at the edges of a swath 126 hit the seafloor at low angles which may lead to a lower quality. In order to obtain a high quality swath 127 map, it is necessaryto place ship tracks sufficiently close to obtain some overlap between neighbouring 128 swaths. This was done in the Yaquina area and along the lower continental slope, and we therefore 129 obtained full coverage in these areas. Ship's speed was less than 10 knots while mapping, and 4 to 5 130 knots during seismic work. We added further individual swaths obtained e.g. during wide angle 
136
Each swath was edited using the freely available MB system software package (Caress and Chayes, 137 1995) for visual inspection of the data quality. The latter was generally high, due to the calm weather 138 during the entire cruise. Non-frequent erroneous outer beams were removed from the data set. After 139 editing, the raw data were converted to depth using a water sonic velocity profile obtained from a CTD
140
(conductivity-temperature-depth tool) at a trench-near position (Bialas and Kukowski, 2000) . Vertical 141 accuracy of the depth-converted data is ± 2 meters. Geographical coordinates were assigned to each 142 beam using the ship's navigation. In a final step, data were re-formatted to 3 column ascii data to 143 generate various sub-grids for morphotectonic and morphometric analysis. 
145
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To compute curvature attributes of gridded bathymetry surfaces we employed a least square quadratic Generally, the surface of the Nazca plate seaward of the Peru trench is close to sediment-free
222
(http://www.ngdc.noaa.gov/mgg/sedthick/sedthick.html). In the absence of sediment coverage, 223 original surface roughness, i.e. as generated at the spreading centre, will be maintained on old oceanic 224 crust (Bird and Pockalny, 1994) . Therefore, at sediment-starved margins like the Peruvian one the 225 morphology of the oceanic crust at the trench still mimics the processes and directions of its 226 generation.
227
The main regional topographic feature of the Nazca plate close to the Peru trench is a ripple pattern (Fig.3) than 800 m at some locations (Fig.2, 3, 4) . 
275
To compare Nazca plate as well as the trench and its both sides quantitatively, we applied curvature 276 analysis to the Yaquina region (Fig.6 ) and the MFZ (Fig.7) and also present histograms showing the 277 distribution of local dip in the two areas, seaward and landward of the trench, respectively (Fig.8) . The 278 ripple-topography on the Nazca plate facing the Yaquina slope is characterized by walls of about 10º 279 dip on average with portions of the flanks being as steep as 15º to 20º (Fig. 6b) . Between the ripples, 280 the seafloor is close to flat and the "regional" roughness does not increase towards the trench. We (Fig.4, 6a) . The immediate proximity of negative and A much larger portion of the MFZ surface has a steepness of more than 5° compared to the Yaquina 290 trench region (Fig.8) . Between 80.4° W and 80.2°W, a roughly N-S oriented linear trend cuts through 291 the entire length of the area displayed (black arrows in Fig.7b, c) . The direction of this trend is at high 292 angle to the ship's course and therefore cannot be an artefact. We suggest it to be the surface 293 expression of a fault, probably a strike-slip fault with a normal component. This structure is difficult to 294 identify from just the topographic map (Fig.5, 7a) . Here, like for the trench-perpendicular normal 295 faults, the immediate proximity of positive and negative dip-curvature values (red arrows in Fig.7b, c) 
296
confirms that these structures may be interpreted as faults.
298
4.1.3 Lima area 299 300
At 11.75º S, ripple-shaped structures on the Nazca plate are parallel to the trench (Fig.2b) , whereas at 301 13.5ºS they strike more southerly generating about 10º obliquity (Fig.2c) 
318
In agreement with these authors we interpret this morphology to results from local mass wasting. The 
328
Especially the ridges found along the lower slope facing the MFZ (Fig.5b) Haxby, 1996). Accordingly,we interpret them as accretionary ridges as well.
332 333
In the Yaquina area, the lower slope is characterized by two irregular bands of high steepness, which 334 locally can attain 30º indicating that large portions of the lower slope may be at the verge of failure.
335
The trench is not marked by a straight line, but as a sequence of advancing and retreating segments 336 (red arrows in Fig.6b) . We interpret the advancing portions as originating from local slope failure.
8
This is very nicely seen in the display of dip-curvature (Fig.6c) 
345
The tip of the upper slope roughly coincides with 3000m water depth and is characterized by the 346 presence of numerous, grossly equally spaced mostly v-shaped gullies (Fig.9) . This observation 347 reveals that here surface morphology could develop which has resulted from self-organisation 348 (Hampton et al., 1996) . During the incision of these gullies, the upper Peruvian slope must have been suggests that the upper slope in the Mendaña region also is close to failure. In addition, at about 382 10.5ºS, we identified a large slump mass at the tip of the upper slope (Fig. 5b) .
384 9
The morphology of the Lima area in some aspects differs from the other parts of the Peruvian margin.
385
It has a wide mid-slope terrace and the surface of it is smoother than north of it. In the swilley south of 386 the Northern High (Pecher et al., 2001 ), a large meandering channel with tributary channel systems is 387 identified (Fig.10) . In analogy to the term river drainage basin used for onshore runoff systems we call 388 it a turbidity current basin. relatively steep seaward rim is identified from the swath data (Fig.10) . Bathymetry profiles through 394 the escarpment and the slump mass (Fig.11) 
399
Both the slump off Paita and the Lima slump occurred on the middle slope between 3000 m and 4000 400 m water depth (Fig.11a,b) , which may suggest that similar rocks occur beneath the slumps scarps.
401
Also, the escarpments of both slumps have approximately the same height (Fig.11c, d ), which justifies 402 to normalize the analytical solution of Coleman and Watson (1983) . Therefore, comparing both slump 403 scars morphometrically allows for a cautious estimation of the age of the Lima slump by using the 404 steepness of the escarpments and the far-field slopes, respectively (Fig.11b) . The average slopes across 405 the escarpments and the far-field slopes are estimated graphically (Fig.11c, d) . 
425
The gullies developed in the Lima slump escarpment reveal that it has been stable since slumping. To identified in our swath data on the Nazca plate north of 9º S (Fig.4) , in the Lima region between 11º 442 and 13.5º S (Fig.2) , and in the collision zone of Nazca Ridge at about 15º S (Hampel et al., 2004 ).
443
Earlier studies in adjacent regions have revealed a consistent picture (Hussong et al., 1988) . However, 444 bending-related normal faults are absent between 9º S and 11º S (Fig.4) . Note, that for the MFZ, we do 
453
Miocene ages, although older, have also been found for basalts (16.5 Ma and 18.6 Ma) in the MFZ 454 (Bourasseau et al., 1993) . This is considerable younger than the age of the Nazca plate close to the 455 trench (> 27 Ma, Fig.1 ) and infers that considerable mid-plate magmatism seems to have occurred in 456 the Miocene.
458
The trench is about 5 km wide along most of the Peruvian margin and has a flat surface, which is in 
463
The lower slope up to about 1500 m above the trench is of very similar steepness along the margin,
464
while escarpments on the middle slope become wider and more distinct from north to south (Fig.3 ).
465
We interpret the "ridges" or "benches" identified on the lower slope (Fig.3, 6 
554
Bending-related normal faulting is widely present seaward of the Peru trench, but absent between 9 555 and 11 °S, which coincides with the very unusual morphology of the Nazca plate in the Yaquina 556 region.
558
The roughness of the Nazca plate decreases towards the south. 
